The effect of minority status on managerial survival in Major League Baseball is analyzed using survival time analysis and data envelopment analysis. Efficiency scores based on team performance and player salary data from 1985 to 2006 are computed and included as covariates in a survival time analysis. It is shown that when controlling for performance and personal characteristics minorities are on average 9.6 percentage points more likely to return the following season. Additionally, it is shown that winning percentage has no impact on managerial survival when efficiency is controlled for.
Introduction
Due to the obsessively accurate and detailed record keeping of Major League Baseball and the popularity of the sport, there exists a large amount of literature on almost all aspects of the sport, including discrimination and managerial retention.
However, previous research has failed to link the two subjects by including race as a factor when examining managerial retention in professional sports. The analysis This paper examines whether this recent downward trend in minority managers is the result of minorities having a lower probability of survival than white managers. This question is analyzed by applying survival time analysis and data envelopment analysis to data on major league managers from 1985 through 2006. Through survival analysis, it can be established whether or not minority status has a negative impact on the likelihood of a manager returning for another season.
Previous Literature
The following studies are most directly related to survival analysis of major league managers. Scully (1994) uses survival analysis to show that managerial retention is influenced by managerial efficiency for the sports of baseball, basketball, and football.
However, Scully (1994) does not include other covariates in addition to managerial efficiency. I improve upon his survival analysis by including covariates for various characteristics including race. I also consider a wider range of underlying distributions for the survival analysis in this paper. Scully (1994) uses a measurement of managerial efficiency which is based on a comparison of a manager's actual winning percentage to an estimate of their maximum possible winning percentage. These maximum winning percentages are estimated using ratios of a manager's runs or points to his opponent's runs or points. The efficiency scores used in my analysis differ greatly from that of Scully (1994) as I use a data envelopment analysis (DEA) approach. In this analysis efficiencies measure a manager's performance relative to the best performance possible with his team's given talent as measured by player salaries. Unlike Scully (1994) , the efficiency measure presented here does not rely on team scoring statistics, which could be affected by the quality of management. The DEA approach presented here is similar to that of Einolf (2004) . However, I choose a different measure of output and include a negative input for the level of competition a team faces. Fizel and D'Itri (1997) use probit estimation to study the impact of organizational performance on manager succession in 147 college basketball teams from 1984 to 1991.
They use data envelopment analysis to measure managerial efficiency based on team talent and the strength of the opposition. As with the other previous studies Fizel and D'Itri (1997) do not include race in their analysis. They find that when winning percentage is included managerial efficiency does not have a significant impact. Using survival time analysis instead of probit estimation I find the opposite to be true for Major League Baseball. The advantage of survival time analysis over probit is that it allows the effect of the covariates to vary depending on the year of tenure being considered. This is desirable in this context as there is no reason to assume the effects of race would be the same in a manager's first year as in their tenth year.
Survival analysis is used by Audas, Dobson, and Goddard (1999) to examine the effects of various performance and descriptive variables on the tenure of English soccer coaches using individual game data from 1972 to 1997. While Audas et al. (1999) do utilize the Cox proportional hazard model, which is the model of choice in this study, they also do not include race as a covariate. Additionally, they use the team's league standing when the manager started his tenure to capture differences in the talent available to the manager. The data envelopment analysis presented in this study captures differences in talent through the use of player salaries. This data envelopment analysis measure is more appropriate for professional baseball as managers are not in charge of acquiring and exchanging players as they traditionally are in European soccer.
Variable Selection
For this analysis the dependent variable of interest is whether or not a manager returns for another season. This analysis treats all terminations equally and does not differentiate between voluntary and involuntary terminations. It is not uncommon in professional baseball for a manager to be allowed to resign from his job in order to save his reputation.
This makes distinguishing between voluntary and involuntary terminations extremely difficult. Therefore, the dependent variable in this analysis is equal to zero for any season after which the manager returns to manage the same team and one for any season after which the manager does not return to coach the same team.
Managers are included in the analysis so long as they managed more than five consecutive games in a given season. The goal of this restriction is to eliminate those managers who were not actually being considered for retention, such as those filling in for an absent manager or during the transition to a new manager. There is no specific number of games which signals a manager is being considered for retention but it is safe to say those managing less than six games are not being considered for retention. Raising this restriction to 50 games would only eliminate 5 out of 87 minority observations and does not affect the conclusions of this analysis. Therefore, the author chooses to only eliminate those who are most obviously not under consideration for retention without fear that this restriction is driving the results of the analysis.
The dependent variable or probability of returning in the next season is expected to be influenced by both the manager's performance and by individual characteristics of the manager and team. The first and most important job of a manager is to win games. While winning is the most important thing to baseball fans, owners must also consider profits. Due to these financial restrictions some managers may be given less talent to work with than others. When faced with one of these low budget rosters there is only so much a manager can do to make a team win. If a team has more talent than other teams and still loses it is likely that people will look at the management as a source of the problem. However, if a team with no talent loses it is unlikely that the manager will be blamed. Therefore, a more appropriate measure of manager performance may be how efficiently the manager transforms his given resources into wins. Efficiency scores for managers can be calculated using data envelopment analysis and then included in the survival analysis to control for managerial performance. The specifics of the data envelopment analysis are discussed in the next section.
It is obvious that managerial survival is not completely based on wins and league standing. In some cases the decision to retain or fire a manager may be based on personal characteristics and qualifications. One important characteristic is the experience of a manager. It is expected that years spent in baseball as a coach or player will increase a manager's baseball specific human capital and therefore make them a better coach. Such increases in on the field performance should be captured by the efficiency measure.
However, experience may also improve skills not captured by the efficiency measure, such as the ability to communicate with the press and interact with front office personnel.
For this reason it is expected that experience as a manager should increase the likelihood of retention beyond its contribution to efficiency. It is also expected that as experience increases its returns in terms of human capital may diminish as the probability of learning something new decreases with years spent around baseball. In order to capture the effects of this human capital on the probability of survival, games as a manager at the Major League level are included in the analysis. The square of this variable is also included to capture the expected diminishing effects.
Similarly to experience, one would expect that age also influences the probability of a manager returning for the next season. The amount of information and experiences a manager has been exposed to in and out of baseball increases with age. Any useful information or experience outside of managing games would not be captured by the experience variable. This would lead one to expect a positive relationship between age and retention. However, as age increases it is also more likely that a manager will choose to retire. It may also be expected that as managers' ages increase they are less able to relate to young players and will therefore be less effective. This increased likelihood of retirement and inability to relate to young players leads to a negative relationship between age and retention. To capture these effects and determine whether they are positive or negative managers' ages, in years, are calculated and included in the analysis.
As with experience we would expect that the benefits of age would diminish with time and the likelihood of retirement would increase with age and so the square of age is also included in the analysis.
The personal characteristic of interest in this analysis is the manager's minority status. A variable which is equal to one for Black and Hispanic managers and zero otherwise is included to capture this effect. If minorities face discrimination in managerial retention decisions, one would expect to observe a negative relationship between this variable and the probability of survival.
Measuring Efficiency with Data Envelopment Analysis
In order to evaluate how efficiently a manager turns his team's potential into wins the method of data envelopment analysis can be applied. This application differs little from the use of data envelopment analysis in productivity analysis of firms. In productivity analysis firms take inputs and transform them into outputs. These outputs are compared to a constructed production possibilities frontier in order to determine how efficient the firm is. The analysis presented here is based on the output oriented technical efficiency method presented by Banker, Charnes, and Cooper (1984) .
The production frontier is based on three assumptions about the production technology. The first assumption is that inputs are freely disposable. This means that if a certain level of inputs can produce some level of output, then a level of inputs which is greater in at least one dimension can also produce that level of output. The second assumption is that output is freely disposable. This implies that if a certain level of inputs can produce some level of output, then that same level of inputs can also produce any lower level of output. The third assumption is the convexity of the production possibilities set. Convexity implies that any linear combination of two feasible points is also feasible.
This production frontier can be shown graphically for the one input one output case. Given a set of observed points it is possible to show all points which are feasible.
The convexity assumption means that all points which are linear combinations of the observed points are possible. Graphically, this is shown by connecting the data points to create a convex hull. The assumption of free disposability of inputs implies that all points to the right of the convex hull are feasible. Similarly the assumption of free disposability of output implies that all points below a feasible point are possible. When these assumptions are combined the result is a production possibility set as seen in the following figure.
DEA Production Possibilities Frontier
In order to measure how efficiently a firm, or in this case manager, is producing, their actual output can be compared to the maximum feasible output given that level of inputs. This is referred to as the output oriented technical efficiency. This measure of efficiency is most appropriate in this analysis as managers have limited ability to choose their inputs as building the team is the job of the general manager. Therefore, the question of interest is how much more could the manager have produced given his inputs rather than how much could inputs have been reduced given the managers output. The technical efficiency is measured by the firms actual output divided by the maximum feasible output for that level of inputs. In the above chart, for observation B, this is the distance from A to B divided by the distance from A to C.
In the case of baseball managers, the output of interest is wins. However, due to the fact that not all managers manage an entire season and not all seasons have had the same number of games wins are not comparable from one observation to the next. This problem is avoided by measuring output in terms of winning percentage. For this data envelopment analysis playoff wins are not included as managers who are given teams of very low ability will likely not have the possibility of producing any playoff wins.
Therefore, only regular season performance is included in this analysis. However, playoff wins are included in the survival analysis presented in the next section.
While the output of interest seems very obvious and easy to calculate the inputs are much more difficult. The inputs of interest are the players a manager is given. More specifically the inputs are the amount of talent which a manager has to work with. This talent can come in many forms, such as hitting, fielding, pitching, and speed. These talents are traditionally measure through statistics such as batting average, earned run average, and runs scored. However, in this context using measures of player performance is inappropriate. This is due to the fact that a player's individual performance over a season is likely to be influenced by the quality of the manager. A good manager may cause a pitcher to have a lower ERA than a bad manager. If input is measured in terms of ERA then the measure will always be overstating the level of input for good managers and understating the level of input for bad managers. Simply using performance statistics from prior seasons would not eliminate this problem for those players who have only played under one manager. Additionally, past statistics would not exist for any players who are in their first season at the major league level.
What is needed is a measure of player potential independent of the influence of the manager. It is reasonable to assume that teams pay players based on how they expect them to perform. This level of pay is determined before the player actually plays that season and therefore should not be influenced by the manager's performance that season.
Due to contracting issues, such as free agency, player salaries are not an exact measure of player potential. However, they are the only measure of talent which is observable independent of managerial performance for all players. Based on this logic player salaries are used as inputs to the production of winning percentage. This means that the output oriented efficiency will measure how efficiently a manager produced wins given his set of player salaries. This is precisely the measure of performance which is expected to determine whether a manager is retained for the next season. With the inputs and outputs defined the output oriented technical efficiency can be calculated. This is done by solving the following maximization problem and taking the inverse of the resulting value of θ. θ can be interpreted as the multiple by which output can be increased using a feasible combination of observed inputs. 
Maximize θ
Subject to:
Constraint (1) implies that the combination of other observed winning percentages must be greater than or equal to the observed winning percentage of the manager being evaluated. Constraints (2) and (3) imply that the combination of offensive and defensive inputs must be less than the inputs of the manager under consideration. Equation (4) states that the combination of the negative competition inputs must be at least as great as the competition faced by the manager being evaluated. Constraint (5) implies variable returns to scale by eliminating scaled down versions of one input bundle from the feasibility set. The last constraint simply assures that there are no negative inputs.
The fact that W 0 is a feasible level of output assures that the maximum value of θ will be greater than 1. Therefore, the technical efficiency, or percentage of feasible output which is being produced, is the inverse of θ. Because θ is greater than 1 this 
Survival Analysis
The goal of this paper is to determine whether race has a significant impact on the probability of a manager surviving to the next season. This can be accomplished through the use of survival time analysis. Survival time analysis examines the relationship between the time to an event and several characteristics, referred to as covariates. The goal of survival analysis is to estimate a survival function which gives the probability of survival to a certain time period given a set of covariates. These covariates can be constant over time, such as minority status, or varying each period, such as winning percentage.
Survival time analysis can be done by making distributional assumptions about the survival function. Models which use this method are referred to as parametric models. The first step to estimating such models is to estimate the hazard rate as a function of the covariates. The hazard rate is simply the drop out rate in a given time period conditional on a set of covariates. This rate is always positive so the model is assumed to be linear in the log of the hazard rate. Therefore, the model of interest is the following.
log(h i ) = B 0 + B 1 X i1 + B 2 X i2 + … + B n X in
As can be seen this model does not depend on time. Therefore, it assumes that the hazard rate is constant over time. This leads to a survival function of the following form.
S(t) = e -ht
This model is referred to as the exponential survival model and is the most simplistic of the commonly used models due to its assumption of a constant hazard rate over time.
The assumption that the hazard rate is constant over time is often inappropriate and therefore models which allow for the hazard rate to vary over time may be more appropriate. The most common parametric forms of these models are the Weibull and Gompertz models. These models assume that there is some underlying hazard rate which is dependent on time. It is also assumed that there is no interaction between time and the covariates. The covariates effect the hazard rate by proportionally changing the underlying rate for a given time period. This is why these models are referred to as parametric proportional hazards models. Mathematically the hazard rate is modeled as follows.
h(t) = h 0 (t)exp(B 0 + B 1 X i1 + B 2 X i2 + … + B n X in )
Different functional forms of h 0 (t) will lead to different survival functions. The underlying hazard rate is commonly assumed to have a Weibull distribution. This leads to the following form for the survival function.
S(t) = e -(ht)p
This is desirable as the hazard rate will be either increasing or decreasing monotonically with time depending on the value of the estimated parameter p. If p is greater than 1 the hazard rate is increasing over time. If p is less than 1 the hazard rate is decreasing over time. As can be seen if p is equal to 1 this leads to the exponential model where the hazard rate is constant over time.
Another distributional assumption which may be appropriate is the Gompertz distribution. If the underlying hazard is assumed to follow a Gompertz distribution the resulting survival function is of the following form.
S(t) = exp[(h/r)(1-e rt )]
Under this assumption the hazard rate will either increase or decrease at an exponential rate depending on the value of the estimated parameter r. These three distributional assumptions can be used to estimate a hazard rate which is constant over time, increasing over time, and increasing exponentially over time. These three models are estimated using maximum likelihood and the results are presented in the next section.
An alternative approach to these parametric models is to estimate a Cox proportional hazards model. In order to estimate this model the ratio of hazards for two observations is taken as follows.
Due to the fact that the baseline hazards are independent of the covariates the baseline hazards cancel leaving a hazard ratio which is independent of time. Despite the fact that the underlying hazard function is not defined the model can still be estimated by the method of partial likelihood. This method is presented by Cox in the 1972 paper in which he first introduces the Cox model. While these models are not as efficient as a correctly specified parametric model they do not depend on distributional assumptions.
This avoids the risk of obtaining misleading results due to an incorrectly specified parametric model. A Cox proportional hazards model is estimated in addition to the three parametric models and the results are presented in the following section.
Estimation Results
The data on Major League Baseball managers from 1986 to 2005 consist of 573 observations for which the individuals managed more than 5 consecutive games. These observations are used to construct managerial streaks which range in duration from less than one season to 16 seasons. In order to avoid any left censoring issues only streaks which began from 1986 on are included in the analysis. This results in a sample of 180 managerial streaks. Minority managers account for 24 of these streaks which are distributed between 16 different teams.
Using the performance and personal characteristic variables as covariates the four survival time models previously discussed are estimated. These models are estimated for numerous different combinations of covariates in order to determine which variables have a statistically significant effect on survival time. The estimation results with all variables included are presented below. As can be seen in the regression results all of the covariates are statistically significant at the 5 percent level with the exception of minority status for the exponential and Cox models where it is significant at the 18 and 8 percent levels respectively. The results are also similar in sign and magnitude for all four models. Minority status, efficiency, and experience all appear to increase the probability of survival while age has a negative effect on the probability of survival.
Estimation Results With All Variables Included
In order to evaluate which model is most appropriate the survival functions for all four models are plotted along with the Kaplan-Meier survival function. The KaplanMeier survival function is a description of the observed survival rates which treats observations for which no failure is ever observed as having survived in the last period they are observed. However, it does not include these observations in the number of observations which are subject to failure in the next period. The survival probabilities for each period are then used to calculate the probability of survival past a given period as a compound conditional probability. This survival function can be interpreted as the observed survival function against which models should be compared. 
Specification Tests
While the advantage of the Cox model is that it does not rely on distributional assumptions about the survival function, the assumption of proportional hazards must be tested before the Cox model is accepted as appropriate. One test of this assumption is to estimate the model with interaction terms of time and each covariate included in the model. If any of these interaction terms are statistically significant it is evidence that they violate the assumption of proportional hazards. 
Test of PH Assumption
The coefficient on time is highly insignificant for all covariates individually and jointly. This result is consistent with the lack of slope in the graphs of the residuals versus time. Therefore, there is no evidence that the proportionality assumption is violated and the Cox proportional hazards model is appropriate.
Given the observed statistically significant relationship between minority status and survival, it is also possible that the covariates affect minorities differently than white managers. In order to test this hypothesis, interaction terms of minority status with efficiency, experience, and age are added to the models previously estimated. It is found that the coefficients on these interaction terms are insignificant at conventional levels for all model specifications. Therefore, it is concluded that the covariates do not affect minorities differently and the previously estimated model is appropriate.
Conclusions
The model selected is a Cox proportional hazards model with minority status, efficiency, experience, and age as covariates. In this model managerial efficiency increases the likelihood of survival as expected and is significant at a confidence level of less than 1 percent. It is interesting to note that winning percentage and playoff wins are highly insignificant when added to the model. This implies that it is not important how many games a manager wins but rather how well he converts his given resources into wins. This makes sense as owners of teams are expected to maximize profits not wins. Therefore, they will retain a manager with low wins if that manager did the best possible with his given resources.
Experience also increases the probability of a manager returning the following season. This is to be expected as experience managing will add knowledge to a manager increasing his human capital. The more human capital a manager possesses the less likely it is that someone more qualified can be found to replace him. Unlike experience, age decreases the probability that a manager will return the next season. This is not surprising as older managers are more likely to retire. It is also likely that older managers will be unable to relate to players who are significantly younger. The added experience from age is also likely captured by the experience term resulting in an overall negative relationship between age and the probability of returning.
The chosen model estimates a positive relationship between minority status and survival. This impact is significant at the 8 percent level. To see the impact of minority status on managerial retention the estimated survival function is plotted with minority equal to zero and one. The other covariates are evaluated at their sample mean. As can be seen in the preceding graph and table, being a minority increases the probability of returning the next season. On average during the first ten seasons of tenure minority status increases the probability of retention by 9.6 percentage points. This effect is substantial and statistically significant with a p-value of .072. The positive relationship between minority status and survival also appears to be robust to different model specifications and combinations of variables. This result leads to the conclusion that minority status does not decrease the probability of a manager returning. Rather, there is significant evidence that minority status actually increases the probability of retention.
Therefore, the current decrease in the number of minority managers is not due to discrimination in the retention decision.
While the analysis presented here finds no discrimination in the decision to keep a current manager, the results may be motivated by discrimination in hiring. If there is discrimination against minorities in the hiring of major league managers, then only the most highly qualified minorities will become managers. Therefore, the minority managers who have the possibility of not returning may possess some unobserved characteristic which enabled them to overcome the discrimination in hiring. It is likely that this unobserved characteristic may also make the manager less likely to be fired and thus cause the relationship observed in this analysis. However, this analysis attempts to account for all of the managers' characteristics by controlling for performance, experience, and age. After justifying the included variables and the appropriateness of the model this analysis concludes that the relatively low number of minority managers in the major leagues is not due to a lower probability of survival.
